This study was carried out to evaluate the chemical changes in short-bodied mackerel during chilled (4 °C) and frozen (-18 °C) storage for 18 days. The chemical changes were monitored at three days interval using Peroxide Value (PV), Thiobarbituric Acid (TBA), Total Volatile Base Nitrogen (TVBN) and Trimethylamine (TMA) tests. The PV of both chilled and frozen mackerel significantly increased (p < 0.05) with storage time and the rate was significantly higher in chilled than frozen mackerel. Based on the results, the chilled and frozen mackerel started to become rancid at day 15 and day 18, respectively. Similar trend was observed for TBA value, where the malonaldehyde content significantly increased (p < 0.05) for both chilled and frozen mackerel with storage time, and the rate of increase was higher in chilled than frozen mackerel. The TVBN and TMA of chilled mackerel increased significantly during storage time, but the values declined in frozen mackerel which might be due to inhibitory effects of freezing on the bacterial activities and hence avoid accumulation of TMA. Based on the chemical analyses, chilled mackerel spoiled rapidly compared to frozen mackerel.
Introduction
Fish is one of the most highly perishable food products [1] due to high concentrations of free amino acids and volatile bases [2] . In addition, fish is highly susceptible to oxidative rancidity due to large amount of phospholipids containing polyunsaturated fatty acids. Sallam [3] reported that there is a complex process of deterioration occurs in fish which are physical, chemical and microbiological reactions degrading the quality of fish thereby may cause approval or rejection after prolonged storage.
Oxidative rancidity is an autoxidation or hydrolysis process of fats into short-chain aldehydes and ketones and is responsible for rancid flavor and odour. When this process occurs in food, it may result in food rejection even though the food had been held under chilled or frozen storage. Nowadays, Total Volatile Base Nitrogen (TVBN) and Trimethylamine (TMA) are widely used to determine the quality of fish and are very good indicators to measure the trimethylamine, dimethylamine, ammonia and other basic nitrogenous compounds which were produced by spoilage bacteria, autolytic enzyme at frozen temperature, deamination of amino-acids and nucleotide catabolites that are associated with fish spoilage.
Monitoring fish quality is important in many food industries to produce high quality product when fish was used as one of the ingredients. Hence, the objective of this study was to evaluate the chemical changes in muscle tissue of short-bodied mackerel based on PV, TBA, TVBN and TMA tests during 18 days of storage at chilled (4 °C) and frozen (-18 °C) temperature.
Materials and Methods

Sample preparation
Short-bodied mackerel (Rastrelliger brachysoma) with average size of 15 to 20 cm and weight of 50 to 100 g were bought fresh from wet market, Kuala Pilah, Negeri Sembilan, Malaysia. The fish were placed in boxes with ice and immediately delivered to the laboratory. Short-bodied mackerel were eviscerated and cleaned before packed in the plastic containers. Then, samples were stored at chilled (4 °C) and frozen (-18 °C) temperature for 18 days and were analysed for PV, TBA, TVBN and TMA every 3 days.
Chemical analyses
All the chemicals used were of analytical grade and were obtained from CHEMOLAB Supplies, Seri Kembangan, Selangor, Malaysia.
Peroxide value (PV) test
Peroxide value of short-bodied mackerel was determined according to method described by AOAC [4] and oil was extracted based on method proposed by Razak et al [5] . The results were determined in terms of miliequivalent of peroxides per kg of fish.
Thiobarbituric acid (TBA) test
The TBA was measured according to the method of Tokur et al [6] . Ten gram of fish was mixed with 100 mL of 0.2 M hydrochloric acid and homogenised prior to distillation (Behr Labor-Technik GmbH, Germany). Approximately within 5 minutes, 50 mL of distillate was collected. An amount 5 mL of distillate was pipetted into test tube and 5 mL of TBA reagent was added. The sample was heated for 30 minutes and was allowed to cool immediately under running tap water. Blank was prepared using distilled water. A pink colour solution was produced and the colour absorbance was measured using a single beam spectrophotometer (Genesys 20 Thermo Scientific, USA) at 538 nm. The spectrophotometric results were multiplied by a constant value of 7.8 and the TBA values were expressed as mg malonaldehyde per kg fish.
Total Volatile Base Nitrogen (TVBN) and Trimethylamine (TMA) test
The TVBN and TMA were measured by distillation method according to method reported by Orak and Kayisoglu [7] . The fish extract was prepared by homogenising 100 g of sample with 200 mL of 7.5 % (v/v) aqueous trichloroacetic acid solution, after which the solution was filtered through Whatman No.1 filter paper. An amount 25 mL of filtrate was poured into a distillation tube followed by 5 mL of 10 % (w/v) aqueous sodium hydroxide solution and distilled for 3 minutes. Distillate was collected in 15 mL of 4 % (v/v) boric acid that contained 0.04 mL indicator (methyl red and bromocresol green) until final volume was up to 50 mL and then titrated with 0.05 M sulfuric acid. For TMA measurement, the same experimental procedure was carried out as in TVBN and the only difference was the addition of 20 mL of 35 % (v/v) formaldehyde to the distillation tube. The amount of TVBN and TMA were calculated from the volume of 0.05 M sulfuric acid used for titration and the results were expressed in mg N/100g of fish. The following formula equation 1 was used [8] :
14(g/mol) x a x b x 300 TVBN or TMA (mg N per 100 g) =
(1) Volume of filtrate where, a is defined as volume (mL) of sulfuric acid, b is defined as molarity of sulfuric acid
Statistical analysis
All analyses were carried out in triplicate. Statistical analysis of data was carried out using analysis of variance (ANOVA) and the analytical procedure of Scientific Package of Social Science (SPSS) 15.0. Duncan's multiplerange test was used to determine the differences among mean values between storage conditions and storage time at p < 0.05. Figure 1 indicated the PV of both chilled and frozen mackerel significantly increased (p < 0.05) with storage time and generally the rate was significantly higher in chilled than frozen mackerel. The chilled and frozen mackerel started to become rancid as the PV were beyond the acceptable limit at day 15 (2.10 mEq/kg) and day 18 (2.28 mEq/kg), respectively. According to Orak and Kayisoglu [7] , the acceptable limit for peroxide value was 2.0 mEq/kg. Fish oil is one of the highly unsaturated oils where peroxides initially formed are unstable and can react quickly to form secondary oxidation products [9] . Therefore, PV measurement alone is not a parameter reliable in measuring the oxidation of fish oil and for this reason the PV should be used in conjunction with other methods such as TBA test. The TBA value is widely used as an indicator for the degree of lipid oxidation according to Tokur et al. [6] . The TBA number is a measurement of malonaldehyde (MDA), which is a by-product of lipid oxidation. The MDA content was significantly increased (p < 0.05) with storage time for both chilled and frozen mackerel, and the rate of increase was higher in chilled than frozen mackerel (Figure 2 ). Similar phenomenon was reported by Boran et al. [2] where the PV and TBA in fish oils extracted from horse mackerel, shad, garfish and golden mullet were increased with increasing storage time for both storage temperatures. The increasing of the TBA values during frozen storage also has been demonstrated by Rosari et al. [10] where with longer storage days, the TBA values were increased slowly but still not reaching the rejection limit at day 18 for milkfish. The TVBN is a term that includes measurement of trimethylamine, dimethylamine, ammonia and other volatile compound associated with fish spoilage, which increases as spoilage progresses. Figure 3 showed the TVBN of chilled mackerel increased significantly (p < 0.05) during storage time, but the values for frozen mackerel declined slowly. A similar pattern of increasing in TVBN values for the control has been reported by Sallam [3] during shelf life evaluation of sliced salmon at chilled condition. According to Raouf et al. [11] , this trend was due to the denaturation of muscle protein by surviving microorganisms. On the other hand, the decrement of TVBN values in frozen mackerel may due to the fact that low temperature caused the bacteria become inactive and hence slower the rate of deterioration. The acceptable limit for TVBN that had been stipulated by literatures [7, 12] was 35 mgN/100g sample. Hence, in this study the chilled mackerel had reached the maximum limit at day 9 with TBVN value of 69.91 mgN/100g.
Results and Discussion
Changes in TMA levels were shown in Figure 4 where similar pattern had been demonstrated in TVBN results for both chilled and frozen mackerel. Trimethylamine (TMA) is usually used to determine the quality of fish because it is rapidly accumulated in the fish muscle under chilled condition. The TMA is always related to the pungent odour occurred in fish muscle and in this study, only chilled mackerel gave pungent odour while frozen mackerel still maintain the fishy odour until the day 18. For chilled mackerel, the TMA values were significantly increased (p < 0.05) during storage period while for frozen mackerel the values decreased slowly. The acceptable limit for TMA was 8 mgN/100g as indicated by Orak and Kayisoglu [7] , and remarkably in this study, the chilled mackerel reached maximum acceptable limit at day 6 (8.31 mgN/100g). For frozen short-bodied mackerel, similar trend was reported by Orak and Kayisoglu [7] for filleted gray mullet where the TMA values were not significantly affected by storage time. This trend could be due to inhibitory effects of freezing on the bacterial activities and hence avoid accumulation of TMA in the muscle. 
Conclusion
There were significant differences in the rate of chemical changes for both chilled and frozen mackerel during 18 days of storage. Frozen mackerel had a slower rate of deterioration than chilled mackerel in terms of oxidative rancidity and microbial activity. Therefore, frozen temperature (-18 °C) can be used in food industry to prolong the shelf life of fish and hence could produce high quality finished products.
